Abstract Experimental evidence provides strong support for anti-carcinogenic effects of calcium and vitamin D with respect to breast cancer. Observational epidemiologic data also provide some support for inverse associations with risk. We tested the effect of calcium plus vitamin D supplementation on risk of benign proliferative breast disease, a condition which is associated with increased risk of breast cancer. We used the Women's Health Initiative randomized controlled trial. The 36,282 participants were randomized either to 500 mg of elemental calcium as calcium carbonate plus 200 IU of vitamin D 3 (GlaxoSmithKline) twice daily (n = 18,176) or to placebo (n = 18,106). Regular mammograms and clinical breast exams were performed. We identified women who had had a biopsy for benign breast disease and subjected histologic sections from the biopsies to standardized review. After an average follow-up period of 6.8 years, 915 incident cases of benign proliferative breast disease had been ascertained, with 450 in the intervention group and 465 in the placebo group. Calcium plus vitamin D supplementation was not associated with altered risk of benign proliferative breast disease overall (hazard ratio = 0.99, 95% confidence interval = 0.86-1.13), or by histologic subtype. Risk varied significantly by levels of age at baseline, but not by levels of other variables. Daily use of 1,000 mg of elemental calcium as calcium carbonate plus 400 IU of vitamin D 3 for almost 7 years by postmenopausal women did not alter the overall risk of benign proliferative breast disease.
Introduction
Breast cancer is a major cause of morbidity and mortality and the most commonly diagnosed neoplasm (except for non-melanoma skin cancer) among women worldwide [1] . Given this, substantial effort is being devoted to the identification of methods for the primary prevention of breast cancer, particularly by means of chemopreventive interventions [2] . In this regard, the potential chemopreventive properties of calcium and vitamin D have elicited considerable interest given both experimental evidence supporting their anti-carcinogenic effects and observational epidemiologic data providing some support for inverse associations with breast cancer risk [3] .
Given the long latency of breast cancer development [4] , trials that evaluate the effects of chemopreventive agents with respect to breast cancer may require a long follow-up period to demonstrate associations if the agents act at an early stage in the carcinogenic process. However, this does not preclude observation of an effect on earlier stages in the natural history of breast cancer after shorter follow-up periods. Therefore, we used the Women's Health Initiative (WHI) randomized, controlled trial of calcium plus vitamin D (CaD) supplementation to examine the effect of this intervention on risk of benign proliferative breast disease, a condition which is associated with increased risk of and may be on the pathway to invasive breast cancer [4] [5] [6] [7] .
Materials and methods

Study population
The eligibility criteria and recruitment methods for the WHI CaD trial have been described elsewhere [8] [9] [10] . In brief, women who were participants either in the WHI dietary modification (DM) or in the hormone therapy (HT) trials, or in both, were invited to join the CaD trial at their first or second annual follow-up visit. DM and HT trial participants were postmenopausal women aged 50-79 years at initial screening who were likely to reside in the area for 3 years, and who provided written informed consent [11] [12] [13] [14] . They were enrolled in the WHI between 1993 and 1998 at 40 clinical centers throughout the United States. Exclusion criteria for these trials were related to competing risks, and safety, adherence and retention considerations. For the CaD trial, additional exclusion criteria included a history of renal calculi or hypercalcemia, current use of oral corticosteroids, and current daily use of more than 600 IU of supplemental vitamin D or calcitriol [8] . Of the 68,132 participants in the DM or HT trials, 31,850 were either ineligible for or refused to participate in the CaD trial. A total of 36,282 women were randomized, of whom 25,210 (69%) were in the DM trial and 16,089 (44%) were in one of the two HT trials; 14% of participants were in both the DM trial and one of the HT trials. Of those who joined the CaD trial, 91% did so during their first annual visit, and the remainder joined during the following year. All participants had a baseline mammogram and clinical breast examination on entry into the DM or HT trials; abnormal findings required clearance before entry into the WHI. The WHI and the ancillary study reported here (in which all 40 WHI clinical centers participated) were approved by institutional review boards at all participating institutions.
Study regimens, randomization, and blinding Of the 36,282 participants in the CaD trial, 18,176 were assigned randomly to receive one tablet of 500 mg of elemental calcium as calcium carbonate combined with 200 IU of vitamin D 3 (GlaxoSmithKline) twice daily (yielding a daily total of 1,000 mg of elemental calcium and 400 IU of vitamin D 3 ), while the remaining 18,106 received an identical-appearing placebo tablet twice daily. Randomization involved use of a permuted block algorithm, stratified by clinic and age. All medication bottles had unique bar codes and computer-based selection to ensure blinded dispensing.
Baseline data collection, follow-up, and assessment of adherence
Comprehensive information on breast cancer risk factors was obtained at baseline by interview (for lifetime hormone use) and by self-report for (other covariates) using standardized questionnaires [12] .
Participants were contacted by telephone after 4 weeks to assess symptoms and reinforce adherence. Thereafter, follow-up contacts by telephone or clinic visit occurred every 6 months, with clinic visits required annually. Mammograms were required annually (for women in the HT trials) or biennially (for women in the DM trial); in the HT trials, study medications were withheld if the mammograms were not performed or results could not be verified, but participants continued to be followed. Clinical breast examinations were performed annually by study personnel or by referral to the participant's private health care provider.
Adherence was assessed by weighing returned pill bottles. Study medication was discontinued if kidney stones, hypercalcemia, dialysis, or use of calcitriol or daily supplements of more than 1,000 IU of vitamin D was reported [9] . All participants continued to be followed up, regardless of their level of adherence.
Ascertainment of outcome
The outcome of interest for the present study was histologically confirmed incident benign proliferative breast disease with or without atypia (see ''Histology''). Clinical events, including breast cancers and breast biopsies for non-cancerous lesions, were initially identified from selfadministered questionnaires completed every 6 months. Breast cancers were confirmed by local and central adjudicators, who reviewed medical records and pathology reports and who were blinded both to treatment assignment and to symptoms due to study medications. For the present study, women who reported breast biopsies that were free of cancer were identified and clinical centers were sent lists of potentially eligible subjects quarterly. Clinic staff contacted participants to obtain written informed consent to solicit the histologic sections resulting from the biopsies.
To investigate the possibility that breast biopsies were missed by using this approach, the charts of 100 randomly selected participants who did not report breast biopsy were reviewed at one center and none was found to have unreported biopsies.
Histology
Hematoxylin and eosin-stained histologic sections were reviewed by the study pathologist (D.L. Page), who was blinded to the randomization assignment. The benign lesions were classified using well-established criteria as non-proliferative lesions, proliferative lesions without atypia (classified further according to whether they were mild, moderate, or florid in extent), or atypical (ductal/ lobular) hyperplasia [15] [16] [17] .
Statistical analysis
Incidence rates of benign proliferative breast disease in the CaD supplementation and placebo groups were compared based on the intention-to-treat principle using time-toevent analyses. The primary analysis employed a weighted (two-sided) log-rank test with weight increasing linearly from zero at randomization to a maximum of one at 10 years and constant thereafter, to enhance statistical power under the design assumptions [18] . The time to benign proliferative breast disease was defined as the number of days from randomization to CaD to the first post-randomization diagnosis. For the present report, subjects who developed breast cancer (39 in the intervention group, 34 in the placebo group) or benign proliferative breast disease (61 intervention, 45 placebo) between initial randomization to an HT trial and/or the DM trial and subsequent randomization to the CaD trial were excluded from the analysis, leaving a total of 18,076 women in the intervention group and 18,027 in the placebo group. Follow-up time was censored at the date of last documented contact, diagnosis of breast cancer, mastectomy, or death, or trial close-out (which took place been October 2004 and March 2005), whichever occurred first. Women who developed a non-proliferative benign breast lesion continued to be followed up because they remained at risk of developing a subsequent proliferative lesion. Event rates over time were summarized using cumulative hazard plots. The intervention effect was summarized using hazard ratios (HRs) and 95% confidence intervals (CIs) estimated from Cox proportional hazards models [19] , with stratification by age, prior breast biopsies, and randomization to the WHI HT and DM trials. Interaction was investigated by including product terms between treatment assignment and indicator variables for the subsets of interest in Cox proportional hazards models stratified by age, prior breast biopsies, and randomization to the HT and DM trials, and was assessed by testing the equality of the product-term coefficients. The proportional hazards assumption, which was tested both by fitting models containing a product-term between the intervention and follow-up time and assessing the coefficient of the product-term for statistical significance, and by fitting piecewise constant intervention effects on non-overlapping time intervals and testing for equality of such terms with the intervals chosen in advance, was shown not to be violated. Annualized event rates were calculated for comparisons of absolute disease rates. Results were considered statistically significant when twosided P-values were B0.05.
Results
The study groups differed little at baseline with respect to age, ethnicity, breast cancer risk factors, participation in other WHI trials, and intake of energy or selected nutrients and vitamins, including calcium and vitamin D (Table 1) .
By the end of the follow-up period, of the women in the intervention group 352 had withdrawn, 144 had been lost to follow-up, and 744 had died; corresponding numbers for the control group were 332, 152, and 807, respectively. Adherence (defined as use of at least 80% of study medication), ranged from 60 to 63% during the first 3 years of follow-up, with an additional 13-21% taking at least half of their study pills. At study closeout, 76% were still taking the study pills, and 59% were taking at least 80% of the study medication.
During follow-up (average duration 6.8 years), we identified 2,548 potentially eligible biopsies that had been performed for benign breast disease. The eligibility of 48 biopsies could not be determined due to lack of consent, hospital refusal, and other reasons. Of the 2,500 biopsies confirmed to be eligible, consent was provided for review of 2,495, and histologic sections were obtained for 2,447 of these. Of the sections reviewed, 43 were found to be from biopsies that occurred before randomization and 175 showed no breast tissue and these 218 sections were excluded from further consideration. The 2,229 eligible sections that were reviewed were from 2,028 women. Of these women, 249 were excluded due to censoring (so that the corresponding section was excluded from consideration), 4 had no pathological diagnosis, 860 had a nonproliferative lesion, and 915 developed an incident benign proliferative lesion.
Overall, 915 incident cases of benign proliferative breast disease were ascertained, with 450 in the intervention group and 465 in the placebo group. CaD supplementation was not associated with altered risk of proliferative breast disease (HR = 0.99, 95% CI = 0.86-1.13; Table 2 ), and there was no difference between the intervention and control groups with respect to the cumulative hazard of benign proliferative breast disease (all types combined) over time (Fig. 1) . A slight, statistically non-significant decrease in risk was seen for those who had either proliferative disease with atypia or non-atypical proliferative breast disease that was at least moderate in extent (HR = 0.91, 95% CI = 0.77-1.07), whereas risk of atypical hyperplasia alone was essentially unaltered by the intervention (HR = (Tables 3, 4 ). For those who were in the comparison group for the DM trial and were not in the active arm of either of the hormone trials, the HR in association with CaD supplementation was 1.04 (95% CI = 0.83-1.31). Although there was a statistically significant interaction between the intervention and age, the variation in risk was not monotonic, risk being highest in those who were 60-69 years old at baseline and lowest in those who were 70-79 years old (Table 4) . On study personal use of vitamin D (and calcium) was allowed, initially up to 600 IU of vitamin D daily, but subsequently this limit was increased to 1,000 IU daily. Use of non-protocol calcium and vitamin D supplement use during the trial was similar in the two randomization groups. At year six, 52.0% of the intervention group and 52.8% of the placebo group reported use of at least 400 IU daily of non-protocol vitamin D supplements; calcium intake increased by *100 mg daily in both groups during follow-up. When personal use of calcium supplements was adjusted for as a time-dependent covariate, the estimate of the effect of the intervention on risk of benign proliferative breast disease overall was essentially unchanged (HR = 1.10, 95% CI = 0.88-1.16).
To address the possible impact of non-adherence on the study results, we employed the inverse probabilityweighting scheme in order to estimate a ''full adherence'' HR function for the intervention [20] . A full adherence HR was estimated with inverse probability of censoringweighted estimators with adjustment for 17 covariates thought to be likely to influence adherence. For this analysis, non-adherence was defined as an adherence rate of \80%. This yielded a HR of 0.96 (95% CI = 0.83-1.12) for all benign proliferative breast disease combined. An almost identical result was obtained when non-adherence was defined as an adherence rate of \50% (HR = 0.96, 95% CI = 0.84-1.11). In further analyses designed to address the possible impact of non-adherence, we conducted a sensitivity analysis by censoring follow-up on participants 6 months after their rate of adherence to the study medication dropped below 50%. This did not change the findings (HR = 1.01, 95% CI = 0.87-1.17). Similarly, censoring follow-up 6 months after adherence dropped below 80% also demonstrated absence of an association (HR = 0.99, 95% CI = 0.84-1.17).
As indicated earlier, participants had regular mammograms and clinical breast exams. There was no difference between the intervention and control group with respect to the frequency with which these were performed. After adjustment for the frequency of mammograms, the effect of intervention was essentially unchanged (HR = 0.99, 95% CI = 0.86-1.13). It was also unchanged after adjustment for the mammogram results (''suspicious abnormalitybiopsy should be considered'' or ''highly suggestive of malignancy'' versus less severe categories) (HR = 0.99, 95% CI = 0.86-1.13). Furthermore, neither adjustment for the frequency of clinical breast exams (HR = 0.98, 95% CI = 0.86-1.13) nor adjustment for the clinical breast exam results (HR = 0.99, 95% CI = 0.86-1.13) changed the estimated CaD supplementation effect.
Discussion
In the randomized, double-blind, placebo-controlled trial reported here, daily supplementation with 1,000 mg of Abbreviations: CI, confidence interval; HR, hazard ratio a For some variables, the number of events does not equal the total number shown in Table 2 due to missing values differentiating, and pro-apoptotic effects on mammary epithelial cells [3, [21] [22] [23] , thereby rendering protective effects of these supplements against the risk of developing benign proliferative breast lesions, and of breast cancer, biologically plausible. However, epidemiologic evidence bearing on the association between calcium, vitamin D, and risk of benign proliferative breast disease is somewhat limited. There are some observational data supporting an inverse association between dietary calcium intake and risk of benign proliferative breast disease [24] and of all types of benign breast disease combined [25] , but none concerning the association between vitamin D intake and risk. Furthermore, we are not aware of any previous randomized trials that have addressed these associations. With respect to breast cancer, the available data are somewhat conflicting.
Although the results of observational epidemiologic studies are suggestive of an inverse association with calcium intake, most studies of dietary vitamin D intake and breast cancer risk have not shown associations [3, 26, 27] . Two randomized trials have evaluated the association between CaD supplementation and breast cancer risk. In the same WHI trial that was used for the present study, there was no association between CaD supplementation and breast cancer risk [28] , whereas a recent small, randomized trial that was designed primarily to test the effect of vitamin D on fracture risk and used substantially larger doses than those used in WHI (1,400 mg/day of calcium citrate or 1,500 mg/day of calcium carbonate alone or with 1,000 IU/day of vitamin D 3 ) showed fewer total cancer cases and breast cancer cases in the intervention groups than in the placebo group [29] . At baseline in the WHI CaD trial, the mean total vitamin D intake was about 365 IU/day and the mean serum level of 25-hydroxyvitamin D [25(OH)D], the major circulating form of vitamin D, was about 42 nmol/l [30] . It has been shown that 25(OH)D concentrations in older adults can be increased by about 10-40 nmol/l to means of about 60 nmol/l with an intake of 400 IU vitamin D/day [31] . Therefore, although the supplementation dose administered in this trial potentially increased 25(OH)D levels substantially, it may have been insufficient to attain the level (C75 nmol/l) currently considered to be necessary for the prevention of cancer (and other outcomes) [32] . With respect to calcium, mean baseline total intake was about 1,115 mg/day in both randomization groups, which may have been too high to allow demonstration of an effect of supplementation.
Strengths of the present study include its randomized design, the large, diverse study population, comprehensive breast cancer risk factor assessment, regular mammographic and clinical breast exams, and centralized review of histologic sections. However, in addition to concerns about baseline intake and the administered dose of supplements, the trial had a number of potential limitations that may have compromised its ability to demonstrate an effect [9, 30] . Specifically, non-protocol use of calcium and vitamin D was allowed; the intervention may have been initiated too late in life; the duration of the intervention may have been insufficient; and, as designed, the trial did not allow the effects of calcium and vitamin D to be examined separately. Additionally, differential ascertainment of the outcome in the two randomization groups may have occurred, although this seems unlikely given that compliance with the annual or biennial mammograms and clinical breast exams was high and essentially the same in both groups (under-ascertainment in both groups is a possibility given that breast biopsies were not performed on all study subjects), and any misclassification of the outcome is likely to have been nondifferential and therefore to have biased the effect estimate for CaD supplementation towards the null [33] .
In conclusion, the results of the present trial suggest that daily administration of 1,000 mg of elemental calcium and 400 IU of vitamin D 3 for about 7 years does not alter the risk of benign proliferative breast disease. Further studies employing higher doses of vitamin D in particular may be informative.
